CRITICAL ITEMB L1GLY

PROJECT: SRMS

SYSTEM: MECHANICAL ARN SUBSYSTEM
ASS'Y P/N: - 1&- SHEET:

P ASS'Y NOM] T 1
FMEA FHEA HAME, @7Y, L FATLURE MODE FAILURE EFFECT HDMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orauinG REF. AND oN 2/1R
DES EGNATION CAUSE END ITEM CREVICALITY SCREENS: A-PASS, B-PASS, C-PASS
3650 3 NOTOR MOOULE | MODE: DEGRADED OESIGN FEATURES
ASSEMBLY LOW TORQUE PERFORMANCE OF —esmecescecnaas
ary-1 P/ OUTPUT FROM END EFFECTOR.
S1140E1AT3 MOTOR DRIVE. ALL END THE BEARINGS ARE PROCURED BY SPAR AND WEET, OR EXCEED THE
o EFFECTOR REQUIREMENTS OF SPECIFICATION SPAR-SG.393.
$1140£2203 CAUSE(S): OPERATIONS
(1) HIGH SLOWED DOWN. THE BEARING ANALYSIS USES ULTIMATE LOADS TO DETERMINE THE
FRICTION 1N MAY NOT FULLY NARGINS OF SAFETY OF THE LUBRICANT. THE FACTOR BETWEEM WORKSNG
MOTOR MOOULE RIGIDIZE. LOADS AND ULTIMATE 1S 1.4. THE LUBRICANT FAILURE STRESSES ARE
BEARINGS ARM WILL STAY LOVER THAN THE BRENELLING STRESS. LIFE FOR ALL BEARINGS 1S
GEAR TRAlN. LIMP 1F NO GREATER THAN 400 MI1SSIONS BASED UPOW YHE ABOVE CRITERIA.
(2) CLUTCH RIGID FLAG.
SL1PPAGE. THE ALLOWABLE CONTACT STRESS FOR THE LUBRICANT 1S ABOUT 1/STH
(3) BRAKE WORST CASE THE ALLOWABLE CONFACT STRESS FOR THE BEARING, THEREFORE THE
LINING DRAG. —eemmacea- LUBRICANT PROPERTIES DICTATE THE DESIGN, THE BEARINGS AS A
UNEXPECTED RESULT ARE LIGHTLY LOADED AND SURFACE FATIGUE IN THE BEARING
PAYLOAD MOTION. MATERIAL IS NOT A VIABLE FATLURE MODE.
INCOMPLETE
RIGIDIZATION. BEARTNGS ARE LOCATED [N NON-DEBRIS PRODUCING AREA OF
CREW ACTION ASSEMBLY.
REQUIRED.
RIGIOIZE DRIVE SHAFT 1S SUPPORTED ON TWO DRY-LUBE BEARINGS
REDUNDANT PATHS WHICH ARE VULNERABLE 70 DEBRIS:
REMAINING
cememeeemcemans PRODUCED 1M THE EE BACK PLATE VOLUME FOR THE 511410C989-1
1) MAMUAL EE BEARING.
MODE RELEASE.
oR .
2) BACKUP £E
RELEASE. ENTERING THE E/E FOR THE S1140C611-3 BEARING.
SNARE JDLER GEAR (5114001545) [HCORPORATES A DRY-LUBE BEARING
WHICH IS VULNERABLE TO DEBR1S ENTERING THE E/E.
THE END EFFECTOR BRAKE DESIGN USES TMO IDENYICAL BEARINGS. THE
BEARINGS ARE PERMAMENTLY LUBRICATED WITH WET LUBRICANT. THEY
ARE SEALED ON BOTH SI0ES MITH TEFLOW SEALS TO PREVENT THE
ENGRESS OF DEBRIS.
THE END EFFECTOR PRIME AND BACK-UP RELEASE CLUTCH DESIGNS
UTIL1ZE THREE SEARINGS, TMO OF WHICH ARE IDENTICAL. THE
BEARINGS ARE PERMANENTLY LUBRICATED WI1TH WET LUBRICANT. THE
TWO IDENTICAL BEARINGS ARE SEALED WITH TEFLON SEALS AND THE
OTHER 1S SEALED WSTH TEFLOM COATED £IBREGLASS SEALS, BOTH
SIDES, TO PREVENT THE [NGRESS OF DEBRIS.
ALL SRMS CEARS ARE DESIGWATED IN ACCORDAKCE WITH AGMA
STANDARDS TO GIVE A MINIMUM OF INFIMITE LIFE. THE DEFINITION
OF INFINITE LIFE IS THE CONDITION WHERE 104%7 MESH CYCLES OR
MORE AT THE APPLIED LOAD WILL NOT RESULT IN TOOTH FAItURE.
FOR THIS (THESE) GEAR (S) THE CALCULATED LIFE WAS NOT BASED OR
CONTROLLED BY CONSIDERATIONS OF STRESS, BUT INSTEAD WERE S[ZED
g T0 SATISFY SPECIAL CONSTRAINTS. CONSEQUENTLY, THE MESH IS WELL
i WETHIN THE DEFINITION OF INFIRITE LIFE AND THE FAILURE MODE
i STATED I[N THE FMEA ‘1S REMOTE.
THE SOLID FILM LUBRICANT SYSTEM USED 1S LUBECO 90S.
THIS COMPRISES A SPRAY AND CURE (400 DEGREES F)
PREPARED BY: MEWG SUPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JUL 91 CIL REV: _3
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CRITICAL ITEMS LI BT

PROJECT: SRMS

SYSTEM: MECHAMICAL ARM SUBSYSTEM

- ASS'Y N : ASSHY P/N: - SHEET: 2
FMEA FMEA NAME, QTY, & FALLURE MODE FALLURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orRAuING REF. AND oN 2/1R
DESIGNATION CAUSE END ITEM CRETICALLTY SCREENS: A-PASS, B-PASS, C-PASS
3650 3 MOTOR MODULE MODE : DEGRADED APPLICATION OF MOLYDEMUM DISULPHIDE, IN AN IN ORGANIC
ASSEMBLY Low T PERFORMANCE OF SINDER APPLIED PER PPS:28:11 AND 28:13. BURNISHING AND RUN IN
aTy-1 PN OUTPUT FRON END EFFECTOR. PER SPAR PPS 28:14. THE LUBRICATED BEARING IS TORQUE
ts);unzun NOTOR ORIVE. 2’?'&53& TRACED T0 ENSURE ACCEPTABILITY PER SPAR PPS.28:14.
51140£2203 CAUSE(S): OPERATIONS THE GREASE LUBRICANT USED IS BRAYCOTE 601 (FORMERLY 3L-38RP)
(1) WIGH SLOWED DOWN. WHICH WAS A PERFLUORINATED POLYETHER OIL BASE WHICH [S VERY
FRICTION IN MAY NOT FULLY STAGLE UNDER VACUUM ENYVIRONMENT.
MOTOR MODULE RIGIDIZE.
BEARINGS ARM VILL STAY THE GREASE IS APPLIED IM PRECISE QUANTITY TO EACH BEARING.
GEAR TRAIN. LIMe IF NO
(2) CLUTCH RIGID FLAG. THE LIFE OF THE BEARING LUBRICATION HAS BEEM AMALYZED USING
SLIPPAGE. ULTIMATE LOADS TO EVALUATE HERTZIAN STRESSES. ULTIMATE LOAD =
(3) DRAKE WORST CASE 1.4 X WORKING LOAD. THE LUSRICANT ON ALL BEARINGS IS GOOD FOR
LINING DRAG. | ~==------- OVER 400 MISSIONS USING THE ULTIMATE LOADS.
UNEXPECTED
PAYLOAD MOTION. THE END EFFECTOR CLUTCH 1S A MAJOR BOUGHT-OUT-PART WHICH IS
INCOMPLETE SUPPLIED BY HONEYWELL SPERRY CORPORATION AND MEETS OR
RIGIDIZATION. EXCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-SG.450
cnggulaglou FOR P/N 511400575-1 AND SPAR-SG.1092 FOR P/N511400575-3.
THE CLUTCH SHAFT AND ARMATURE ARE CONMECTED BY A SPLINE WHICH
REDUNDANT PATHS PROVIDES ROTATION TO THE ARMATURE AND ALLOWS AXIAL SLIDING fOR
RENAINING ENGAGEMENT AND DISENGAGEMENT. THE FOLLOWING IS A LIST Of
--------------- CHARACTERISTICS TO LIMIT THE POSSIBILITY OF THE CLUTCH
1) MANUAL EE HANGING-UP DUE TO MECHAMICAL BIMDING OF THE SPLINE:
MODE RELEASE.
2) BACKUP EE THE SPLINES ARE MATCH-MACHINED FOR A PRECISE AND SMOOTH FIT.
RELEASE. SERIALIZATION OF THE MATCHED PARTS ASSURES PROPER ASSEMBLY.
THE MATCHED SHAFT AND ARMATURE ASSEMBLY 1S INSPECTED FOR
PROPER CLEARANCE AND SHOOTHNESS OF OPERATION.
THE UNIT 1S TESTED A NINIMUM OF SEVEN TIMES OURING ACCEPTANCE
TESTING FOR POTENTIAL BINDING. THE TEST CONSISTS OF APPLYING
FULL RATED LOAD TORGUE WITH THE UKIT ENGAGED. A VOLTAGE 1S
THEN APPLIED TC DISENGAGE THE UNLT, THE VIME FROM APPLICATION
OF VOLTAGE UNTIL FULL DISENGAGEMENT 1S MEASURED. ANY BINDING
OF THE ARMATURE WOULD EFTHER PREVENT OESENGAGEMENT OR CAUSE AN
EXCESSIVE VIME DELAY.
THE SPINES ARE LUBRICATED WITH MOLYBDENUM DISULFIDE.
THE UNIT LOAD LEVELS ON THE SPLINE ARE LOW.
IT SHOULD BE NOTED THAT THESE UNLTS DG NOT UTILIZE REDUNDANT
) SPLINES.
! THE BEARINGS ARE WET LUBRICATED WITH BRAYCOTE 3t-3BRP
THE MEAVIEST AMOUNT OF FRICTLON MATERIAL DEBRIS IS GENERATED
QURING THE CALIBRATION RUN-IN OF THE UHIT. THE RUN-IN
CONSISTS OF ROTATING THE UNIT [N ONE DIRECTION AT 50 RPM FOR
A TOTAL OF 16 HOURS MINIMUM USING A DUTY CYCLE OF 10 SECONDS
ENGAGED AND THEN 10 SECONDS DISENGAGED. THE UNTTS RECEIVE A
VERY LIMITED AMOUNT OF SLIPPING DURING ON MISST10H USAGE.
DEBRIS [S PREVENTED FROM ESCAPING FROM THE -3 CLUTCH USED IN
THE 51140E1470-3 END EFFECTOR WITH A LABYRINTH NE THORK .
PRFPARFD HY: MFUG SUPERCED NG DATE: 12 OC1 89 APPROVED BY: DATE: 24 JuL 91 Cit REV: _3




CRITICAL ITEMB L1&%T

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM
ASS'Y P/N: - 1% SHEET:

ASS'Y NOMEWTLATUWE: END EFFECTOR 3
FMEA FMEA NAME  QTY, & FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF . REV. prAvING REF. AND ON 2/1R
DESEGHAT EON CAUSE END 17EM CRITECALITY SCREENS: A-PASS, B-PASS, C-PASS
3650 3 HOTOR MODULE MODE : ODEGRADED .
ASSEMBLY LOM TORQUE PERFORMANCE OF THE ATR GAP OF THE UWIT IS VERIFIED TO MEET A NIRIMUM VALUE
Q1Y-1 P/N OUTPUT FROM END EFFECTOR. BY THE END PLAY TEST (LARGEST APPLIED LOAD) DURING ACCEPTANCE
S1140E14T3 NOTOR DRIVE. ALL END TESTING.
OoR EFFECTOR
51140€2203 CAUSE(S): OPERAT IONS THE STRIPOOWMN AND INSPECTION OF FLIGHT HARDWARE RETURMED
€1) HIGH SLOWVED DOWN. FOR REFURBISHMENT WAS REVEALED THAT A SIGRIFICANT AMOUNT OF
FRICTION IN #MAY NOT FULL FRICTION MATERIAL DEBRIS MAY HAVE ACCUMULATED AT FHE NIT
MOTOR MODUL RIGIOIZE. END-OF-LIFE. 1T IS VERY UNLIKELY: HOWEVER, THAT SUFFICLENT
BEARINGS ARM MWILL STAY FRICTION DEBRIS COULD ACCUMULATE feniip THE ARMATURE OR
GEAR TeAln. LIMP [F HO BETWEEN THE FRECTION SURFACES, SO AS TO AFFECT VHE UNITS
gﬂpcpligetcn RIGID FLAG. PERFORMNANCE
(3) BRAKE WORST CASE THE CLUTCH DESIGN USES ONE COMPRESSION SPRING, PILOTED ON THE
LINING DRAG. | ~--<-=-"-- - ARMATURE SPLINE TUBE, TO PROVIDE THE FORCE Of ENGAGING THE
UNEXPECTED FRICTION SURFACES. THE TOTAL LOSS OF STEFFHESS OR FRACTURE OF
PAYLOAD MWOTION. THE SPRING WOULD RESULT 1N HO JORQUE TRAMSMISSION ACROSS THE
INCOMPLETE CLUTCH. THE SPRING IS NOT SUBJECTED TO FATIGUE FAILURE BECAUSE
RIGIDIZATION. DURING OPERATION [7 IS ESSENTIALLY UNDER CONSTANT STRESS, IE.
CREM ACTIOM CLUTCH ACTUATION INVOLVES SPRING DEFLECTIONS OF 0.003 10 0.004
REQUIRED. INCHES. THE SPRING UNDER OPERATING COHD1TIONS HAS A MARGIN OF
SAFETY FOR ULTIMATE TENSILE STRENGTH M(UTS) OF POSITIVE 0.04
REDUNDANT PATHS FOR FRACTURE IN SHEAR.
REMAINING )
seesccansanmans IN THE IMPROBABLE EVENT OF SPRING FRACTURE, THE SPRING HOUS1NG
1) MANUAL EE WILL RETAIN ANY DEBRIS.
MODE RELEASE.
THE SPRING 1S STAINLESS STEEL, FS302 OR FS304, MANUFACTURED
2) BACKUP EE 1O MATERIAL SPECIFICATION QQ-W-423. DURIRG THE MANUFACTURING
RELEASE. OF A BATCH OF SPRINGS, A LOT IS REMOVED AND INSPECTED BY QC
FOR DIMENSIONAL AND MATERIAL COMPLIANCE, AND LOAD VERSUS
DEFLECTION.
THE END EFFECTOR BRAKE JS A MAJOR BOUGHT-OUT-PART WHICH 15
SUPPLIED BY HONEYWELL SPERRY CORPORATION AND MEETS OR
ENCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-S6.451 FOR
P/N 511400574-18-3 AND SPAR-SG.1093 FOR P/N 5114002219-1.
YHE BRAKE DESIGN FEATURES THAY LIMIY THE POSSIBILITY OF AN
OPEN OR SHORT CIRCUTT 1IN THE WINDINGS ARE THE SAME AS THE
FEATURES FOR THE CLUTCK DLSCUSSED PREVIQUSLY IN THIS CiL ETEM.
THE CALIPER BRAKE [NCORPORATES MANY DESIGN FEATURES 10 [MPROVE
THE BRAKES CAPABILITY AND GIVE HIGHER RELIABILITY AS FOLLOWS:
- SLIP TOROUE CAPABILITY UP TO B85 OZ-1N.
- TOTAL INTERNAL CONTAINMENT Of FRICTION DEBRIS WETH THE USE
. OF LABYRINTH PATHS AND THE PLACEMENT OF YHE FRICTION D1SXS
OH THE OPPOSITE END OF THE BRAXE SHAFT FROM THE PINIOM GEAR .
¢ - WECHANICALLY REOUNDANY SLIDING SPLINES FOR THE CALIPER OISK.
- MECHAMECALLY REDUNDANT LOCATING PINS WITH VESPEL SLEEVES FOR
DISK LOCATION.
- BEARING LOADS ARE REOUCEO BY A 5 JO 1 FACTOR OVER THE
ORIGINAL E/E SNARE BRAKE P/N 511400574-3.
- SLIDING SURFACES ARE LUBRICATED WITH MOLYBDENUM DISULFIDE.
. BEARINGS ARE WET LUBRICATED WI1TH BRAYCOTE 3L-38RP.
- AIR GAP CAN BE ADJUSTED MWITHOUT BRAKE D1SASSEMBLY.
THE BRAKE USES FOUR PINS PRESS FITTED INTC THE CORE T0 HOLD
PREPARED BY: HFWG SUPERCEDING DATE: 12 OCY 89 APPROVED BY: DATE: 24 JuL 91 CiL REV: _3
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CRITICAL ITEMS LIBT PROJECT: SRMS SYSTEM: nscmu!cu ARM SUBSYSTEM
. r 1 r 1.} - - ‘ssl“ "m H issl" P’ A - - S“EE': ‘
FMEA EMEA NAME, OTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prawinG REF. AND ON /1R
DESIGNATION CAUSE EWD ITEM CRITICALITY SCREENS: A-PASS, 8-PASS, C-PASS
3550 3 MOTOR MODULE MODE DEGRADED THE ARMATURE FROM ROTATING AND 7O ALLOM AXIAL SLIDING FOR
ASSEMBLY LOW TORQUE PERFORMANCE OF ENGAGEMENT AND DISENGAGEMENT. THE FOLLOWING IS A LIST OF
arY-1 PN OUTPUT FROM ENMD EFFECTOR. CHARACTERISTICS TO LIMIT THE POSSIBILITY OF THE BRAKE
S1140E1473 MOTOR DRIVE. ALL END HANGING-UP DUE TO MECHANICAL BINDING BETWEEN THE PINS AND THE
on ) EFFECTOR HOLES.
5$140£2203 CAUSE(S): OPERATLONS
€1) HIGH SLOWED DOWN, THE MOLES IN THE ARMATURE AND BRAKE CORE ARE MATCH-BORED
FRICTION IN MAY MOT FULLY ¢J1G BORED) TC ASSURE GOOD ALIGNMENT.
MOTOR MODULE RIGIDIZE.
BEARENGS ARM WILL STAY THE ARMATURE HOLES ARE 0.004 70 0.005 INCH LARGER THAN THE
GEAR TRAEW. LINP 1f KO CORE PINS TO ASSURE ADEQUATE CLEARANCE.
(2) CLUTCH RIGID FLAG.
SLIPPAGE. MEASUREMENTS ARE PERFORMED TO CONFIRM A MINIMUM OF £.002 INCH
(%) nm\gs . WORST CASE RADIAL PLAY DETWEEN THE TWO ASSEMBLED PARTS.
LINING DRAG, | ----------
UNEXPECTED THE UNIT 1S TESTED A MINIMUM OF SEVEN TIMES DURING ACCEPTANCE
PAYLOAD MOTION, TESTING FOR POTENTIAL BINDING. THE TEST CONSISIS OF APPLYING
TNCOMPLETE FULL RATED LOAD TORQUE WITH THE UNIT ENGAGED. A VOLTAGE [S
RIGIDIZATION. THEN APPLLED TO DISEMGAGE THE UNIT. THE TIME FROM APPLICATION
CREW ACTION OF VOLTAGE UNMTIL FULL DISEXGAGEMENT 1S MEASURED. ANY BINDING
REQUIRED. OF THE ARWATURE WOULD ELTHER PREVENT DISENGAGEMENT OR CAUSE AN
EXCESSIVE TIME DELAY. i
REDUNDANT PATHS
REMAINING THE PINS ARE LUSRICATED WITH MOLYBDENUM D1SULFIDE.
1) MANUAL EE THE PRELOAD SPRINGS SUPPLY THE SPECIFIED LOADING FOR THE BRAXE
MODE RELEASE. ANGULAR CONTACT BEARIMG AND LOCATE THE BEARINGS AND SHAFY
ASSEMBLY W1THIN THE BRAKE HOUSING. THE BRAKE OESIGN UTILIZES A
2) BACKUP EE MULTIPLE ARRANGEMENT OF WAVE WASHERS TD GEMERATE THE REQUIRED
RELEASE. PRELOAD. THE UNIY PRELOAD IS VERIFIED BY THE END PLAY TEST
(SMALLEST APPLIED LOAD) DURING ACCEPTANCE TESTING.
PRIPARED BY: Mf WG SUPERCEDING DATE: 12 OCT 8% APPROVED BY: DATE: 26 Jut 91 CIL REV: 3




CRITICAL ITEM8 LIBT PROJECT: SRMS SYSTEM: MECHANICAL ARM_SUBSYSTEM
jefelpe it ——— T T ASSHY nmEhle Ass'y p/H: SHEET: 5
FMEA FMEA NAME, GTY, & FALLURE MODE FAILURE EFFECT HOWR / FUNC. RATIORALE FOR ACCEPTANCE
REF. REV. orAWENG REF. AND oN 2/1R
DESIGNATION CAUSE END ITEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3650 3 MOTOR MODULE MODE ¢ DEGRADED ACCEPTANCE TESTS
ASSEMBLY LOW TORQUE PEREORMANCE OF | -=----e--css-ans
ary-1 P/M OUTPUT FROM END EFFECTOR. THE EE ASSEMBLY IS TESTED TO THE FOLLOWING ACCEPTANCE
3;14051573 MOTOR DRIVE. gli'izs':om ENVIRONMENTS:
51140£2203 CAUSE(S): OPERATIONS O VIBRATION: LEVEL AND DURATION - REFERENCE TABLE 7
(1) HIGH SLOWED DOMWN,
FRICTION TN MAY HOT FULLY O THERMAL VACUUM: +70 DEGREES C 10 -25 DEGREES € (1 1/2
MOTOR MODULE RIGIDIZE. CYCLES) 1 X 10**6 TORR
BEARINGS ARM WILL STAY
GEAR TRAIN. LIMP IF NO THE EE ASSEMBLY 1S FURTHER TESTED N THE IN THE RMS SYSTEM
(2) CLUTCH RIGIO FLAG. TEST (TP518 RMS STRONGBACK AND TP552 FLAT FLOOR TESTS) WHICH
St 1PPAGE. VERIFIES THE ABSENCE OF THE FAILURE MODE.
(3) BRAKE WORST CASE
LINING DRAG, | =-=--=--=--- QUALEFICATEON TESTS
UNEXPECTED | = ---esscseeroccmnves
PAYLOAD MOYION. THE EE ASSEMBLY OQUALEFICATION TESTING COMSISTED OF THE
INCOMPLETE FOLLOMING EMVIRONMENTS:
RIGIDIZATION.
Elztalcmngmu O VIBAATION: LEVEL AND DURATION - REFERENCE TABLE 7
0 SHOCK: 20G/11 HS - 3 AXES (6 DIRECTIONS)
REDUNDANT PATHS
REMAINING O THERMAL VACUUM: ;u} %sn‘Eﬁ € 10 -36 DEGREES C (& CYCLES)
1) MANUAL EE
MODE RELEASE. O WMEIDITY: 95% RH (65 DEGREES C MAINTAINED FOR & HRS)
{65 DEGREES C TO 30 DEGREES C IN 16 HRS).
2) BACKUP EE 10 CYCLES 240 HRS.
RELEASE.
0 EMC: MIL-STD-461A AS MODIFIED BY SL-E-0002 (TEST
CEQ1, CE03, CS01, CSD2, CS04, REOZ (N/B))
0 STRUCTURAL STIFFNESS AND LOAD TEST
FLIGHT CHECKOUT
PORS OPS CHECKLIST (ALL VEHICLES) JSC 16987
PREFARED BY: MIWG SUPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JUL 91 CIL REV: _!
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CRITICAL ITEMB LIBT PROJL.. - _ SYS-  JLCHANICAL ARM SUBSYSIEM
- ASS'Y NoMEHTLATURE: ERD_EFFECTON ASS'Y P/R: STILUETZ70-18-3 _ SHEEI: [
FMEA FMEA NAME, QTY, & FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF . REV. pravlng rEr. AND oN 2118
DESIGNAT[ON CAUSE END 1TEN CRITICALLTY SCREENS: A-PASS, D-PASS, C-PASS
3550 3 MOTOR MODULE | MODE: DEGRADED QA/ INSPECTIONS
ASSEMBLY LOW TORQUE PERFORMANCE OF
orY-1 P/N OUTPUT FROM END EFFECTOR.
5114061473 MOTOR DRIVE. ALL END UNITS ARE MARUFACTURED UNDER DOCUMENTED QUALITY CONTROLS.
on EFFECTOR THESE CONTROLS ARE EXERCISED THROUGHOUT DESIGN
S1140E2203 CAUSE(S): OPERAT ONS PROCUREMENT, PUANNING, RECEIVING, PROCESSING, FABRICATION,
(1) WG SLOWED DOWN. ASSEMBLY, TESTING AND SHIPPING OF THE UNITS. MANDATORY
FRICTION IN MAY NOT FULLY INSPECTION POINTS ARE EMPLOYED AT VARIOUS STAGES OF
MOTOR MODULE RIGIDIZE. FABRICATION ASSEMBLY AND TEST. GOVERNMENT SOURCE
BEARINGS ARM VILL STAY INSPECTION IS INVOKED AT VARIOUS CONTROL LEVELS.
GEAR TRAIN. LINP If NO
(2) CLUTCH RIGID FLAG. WIRE IS PROCURED TO SPECIFICATION NIL-M-22759 OR MIL-W-8138%
SLIPPAGE. AND INSPECTED AND TESTED TO MASA JSCHB0BD STANDARD NUMBER 95A.
(3) BRAKE WORST CASE
LINING DRAG. RECEIVING INSPECTION VERIFIES THAT THE HARDWARE RECEIVED 1S AS
UNEXPECTED (DENTIFIED 1K THE PROCUREMENY DOCUMENTS, THAT NO DAMAGE HAS
PAYLOAD MOTION. OCCURRED DURING SHIPNEKT, AMD THAT APPROPRIATE DATA HAS BEEN
INCOMPLETE RECEIVED MHICH PROVIDES ADEQUATE VRACEASILITY INFORMATION AND
RIGIDEZATION. IDENTIFIES ACCEPTABLE PARTS.
CREW ACTION
REQUIRED. PARTS ARE INSPECTED THROUGHOUT MANUFACTURE AND ASSEMBLY AS
APPROPRIATE TO THE MANUFACTURING STAGE COMPLETED. THESE
REOUNDANT PATHS INSPECTIONS THCLUDE,
REMATNING
------------- .- MAGNET WIRE IS PROCUREG TO MIL-W-583 AND CHECKED AT INCOMING
1) MANUAL EE INSPECTION PER FEDERAL STANDARD J-W-1177 MHICH IMCLUDES
MODE RELEASE. DIELECTIC, PIN HOLES, SBUBBLES, BLISTERS, AND CRACKS [N THE
INSULATION.
2) BACKUP EE
RELEASE. ALL SOLDERING IS ACCOMPLISHED BY OPERATORS, WHO ARE
TRAINED AND CERTIFLED TO NASA NHBS300.4(3A) STANDARD, AS
HODIFIED BY JSC OBBODA.
BEARINGS RECEIVE DIMENSIONAL [NSPECTION AT THE SUPPLIER
AND VERIFICATION BY SPAR RECEEVING INSPECTION.
PRE-ASSEMOLY ENSPECTION VERIFIES CIRCULARITY OF @ALL
TRACKS AND INNER/OUTER RACE DIAMETERS. AFTER ASSEMBLY
PRIOR TO LUBRICATION, RADIAL CLEARANCE MEASUREMENTS ARE
TAKEN. FOLLOWING LUBRICATION, RUN-IN/BURNISHING AND
CLEANING OF DRY LUBE BEARINGS, SPECIALIZED BEARING
THSPECTION EOUIPMENT AT SPAR 1S USED TO VERIFY QUALLTY AND
STICTION LEVELS THROUGH STRIP CHART RECORDING OF TORQUE
TRACES. BEARINGS ARE THEN RETURNED 10 THE SUPPLIER FOR
FINAL RADIAL CLEARANCE MEASUREMENTS. GOVERNMENT SOURCE
INSPECTION 1S ENVOKED ON ALL BEARING PROCUREMENTS.
GEAR INSPECTION, BEFORE GEAR LUBRICATION AND RUN-IW A
COMPOSITE ERROR GEAR CHECKER 1S USED TO VERIFY THAT [NVOLUTE
FORM. PITCH CIRCLE CONCENTRICLTY AND PITCH DIAMETER ARE TO
pRAWING REQUIREMENTS. THIS INSPECTION ALSO INCLUDES TEXTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY INSPECTED TO
CONF |RM APPROPRIATE LUBRICANT APPLICATION AWD GEARS ARE THEN
RUN-IN, CLEANED AND VISUALLY INSPECTED.
CARPENTER 455 STEEL USED FOR THE MANUFACTURE OF {(E.G.
GEARS) RECEIVES ADDITIOMAL LABORATORY INSPECTIONS WHICH
INCLUDE CHEMICAL ANALYS!S, ‘TNCLUSION RATING, WARDNESS AND
TENSILE TESTING TO VERIEY THE PROPERTIES OF THE MATERIAL
SUPPLIED.
~imrmarmsue RATE. 43 At 00 ADDDAVED AY: DATE: 24 JUL 91 CiL REV: 3



CRITICAL ITEM8 LIST

PROJECT: SRMS

SYSTEM:

HECH!HICAL ARM SUBSYSTEM
ASS'Y P/N: i . 53 S

o o o o o o e ASS'Y NOMEWCLAYURE: EHD_EFFECTOR HEET: _ 7
FMEA FMEA NAME, QTY, & | FAILURE MGDE FALLURE EFFECT HDMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. praulnG REF. AND o /R
DESIGNATION CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3850 3 MOTOR WODULE | MODE: DEGRADED
ASSEMBLY LOW TORQUE PERFORMANCE OF SHAFTS ARE DIMENSIONAL INSPECTED TO DRAWING REQUIREMENTS
eTY-1 P/W QUTPUT FRON END EFFECTOR. THROUGHOUT THE MANUFACTURING STAGES. FOLLOWING HEAT TREATMENT
51140E1473 NOTOR DRIVE. ALL END THE SHAFTS ARE SUBJECTED TO MAGNETIC PARTICLE INSPECTION fOR
o EFFECTOR CRACKS.
51140£2203 CAUSE(S): OPERAT LONS
(1) HIGH SLOWED DOWM. INSPECTION VERLFIES THAT KITTED PARYS ARE CORRECT PRIDR 10
FRICTION 1N MAY NOT FULLY ASSEMBLY AND TRACEABIL1TY INFORMATION RECORDED.
NOTOR MODULE RIGIDIZE.
BEARINGS ARM MILL STAY INSPECTION TO DRAMING IS CONDUCTED THROUGHOUT THE ASSEMBLY
GEAR TRAEN. LIMP TF NO PROCESS, INCLUDING INSPECYION OF LOCKING, WITNESSING OF
;Eipgkggcn RIGID FLAG. TORQUING AND APPLICATION OF ToRoug STRIPING.
(3) BRAKE WORST CASE MOTOR MODULES ARE TESTED TO THE REQUIREMENTS OF
LINING DRAG. | =-------=- SPAR-TH. $62& WHICH INCLUDES, CONTIMUITY AND 1SOLATION
UNEXPECTED CHECKS, STICTION, COMMUTATOR TIMING, AMBIEWT AND THERMAL
PAYLOAD MOTION. TESTING.
II'm:mm:m 55;5 (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION POINT).
$GIDIZATION.
CREW ACTION INTEGRATION OF MOTOR MODULE YO END EFFECTOR LRU -
REQUIRED. NSPECTIONS INCLUDE GROUNDING CHECKS, COMNECTORS FOR BENT
OR PUSHBACK COMTACTS, INCOMWMECY MIRING ETC.
REDUNDANT PATHS
REMAINING PRE-ACCEPTANCE TEST INSPECTION, WHEICH INCLUDES AW AUDIT OF
--------------- LOVER TIER INSPECTION COMPLETION, AS BUILT COMFIGURAT[ON
1) MANUAL EE VERIFICATION TO AS DESIGN ETC., (MANDATORY IMSPECTIOM POINT).
MCOE NELEASE.
A TEST READINESS REVIEM (TRR) WHICK INCLUDES VERIFICATION OF
2) BACKUP EE TEST PERSONNEL, TEST DOCUMEHTS, VEST EQUIPHENT CAL1BRATION/
RELEASE. VALIDATION STATUS AND HARDWARE CONFIGURATION [S COMVENED BY
QUALLTY ASSURANCE IN CONJUNCTION W1TH ENGENEERING
RELTABILITY, CONFIGURATION CONTROL, SUPPLIER AS APPLICABLE,
AND THE GOVENMENT REPRESENTATIVE, PRIOR TO THE START OF ANY
FORMAL TESTENG (ACCEPTANCE OR QUALIFICATION).
ACCEPTANCE TESTING (ATP) INCLUDES, AMBIENT, VIBRATION
AND THERMAL-VAC TESTING, (SPAR/GOVERKMENT REP. - MANDATORY
INSPECTION POINT)
- SRMS SYSTEMS INTEGRATION, THE INTEGRATION OF HECHANICAL ARM
SUBASSEMBLIES AND THE FLIGHT CABIN EQUIPMENT TO FORM THE SRMS,
INSPECTIONS ARE PERFORMED AT EACH PHASE OF INTEGRATION MHICH
INCLUDES GROUNDING CHECKS, THRU WIRING CHECKS, WIRING ROUTING,
INTERFACE CONNECTORS FOR SEMT OR PUSH BACK CONTACTS ETC.
SEMS SYSTEMS TESTING - STRONGBACK AND FLAT FLOOR AMBIENT
gs;:mm“ CE TEST. (SPAR/GOVERNMENT REP, - MANDATORY INSPECTION
PREPARED BY: MFWG SUPERCEDTNG DATE: 12 OCT B9 APPROVED BY: DATE: 26 _JUL 91 CIL REV: 3
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CRITICAL ITEMB EIBT

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

——em- ASS'Y NOM T ASS'Y P/H: STILOEIL70-18-3  SHEET: __ 8
FMEA FMEA NAME, Q1Y, & FAILURE MODE FAILURE EFFECT HDMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prawinG REF. AND oN 2/R
DESIGNATION CAUSE END ITEM CRITICALITY SCREEMS: A-PASS, B-PASS, C-PASS
3450 3 NOTOR MODULE WODE: DEGRADED FAILURE HISTORY
ASSEMBLY LOW TORQUE PERFORMANCE OF | = ==-==-e=s===c==-
o1Y-1 P/N OQUTPUT FROM £ND EFFECTOR.
‘5’1!14051673 MOTOR DRIVE. #IFEE"I'DOR THE FOLLOWING FAILURE ANALYSIS REPORT(S) ARE RELEVANT:
51140E2203 CAUSE(S): OPERATIONS
(1) HIGH SLOWED DOWN.
FRICTION 1IN MAY NOT FULLY FAR 2378:
MOTOR MODULE RIGIDIZE. S/ 301 JM B4
BEARINGS ARM WILL STAY
GEAR TRAIN. LINP 1f MO DESCRIPTION
{2) cLuTCY RIGID FLAG, |  =-z===e==-e
SLIPPAGE. RIGID, LOAD 10O LOM,CLUTCHES FAILED
(3) BRAKE WORST CASE
LINING DRAG, | =-===-°===-- CORRECTIVE ACTION
UNEXPECYED | = m=mmessesseooe---
PAYLOAD MOTION. REPLACED CLUTCHES. REFER TO FAR 2381.
[NCOMPLETE
RIGIDIZATION. FAR 2381:
CREW ACTION S/ 304 JuL B4
REQUIRED.
DESCRIPTION
REDUNDANT PATHS |  =-==-o==-=-
REMAINING SLIP YORQUE YOO LOW REFER TO FAR 2378,
1) MANUAL EE CORRECTIVE ACTION
MODE RELEASE., | = =-r-=-===cs=s=w=---
CLUTCH REDESIGNED TO INCREASE SLIP TOROUE FROW 35-52.5 OZ.IM
2) BACKUP EE 70 45-67.5 0Z.1N.
RELEASE.
FAR2408:
s/ 317 OCT.87
DESCRIPTION
E/E CLUTCH HIGH RUNNING FRICTION AT HOT ATP TEMPERATURES DUE
70 POOR WORKMANSHIP 1N SETTING THE GAP BETWEEN THE POLE PIECE
AND THE ARMATURE.
CORRECTIVE ACTION
UNLT WAS REASSEMBLED TO DRAWING REQT'S. AN M.1.P. INSPECTION
WAS INTRODUCED IM THE BULLD INSTRUCTIONS TO EWSURE CORRECT
GAP DISTANCE.
; FAR 5012:
y S/H 203 DEC T9
DESCRIPTION
FAJLED TORQUE TEST O.K. AFTER RUN IN
CORRECTIVE ACTION
LNCREASED RUN-IN TIME
. FAR S023:
e nAERIUMRr RATE. 12 NrT AQ APPROVED BY: DATE: ___—-2" JuL 91 CIL REV: —!
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CRITICAL ITEMS LIE!"

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

ASS*Y HOMENCLATURE: ERD_EFFECIOR Ass'Y P/R: STILDEVL70-T8-3 SWEET: __ 9
FMEA FMEA NAME, aTY, & FAILURE MOOE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. pRAWING REF. AND oN 2/1R
DESIGNAT LON CAUSE £ND 1TEN CRITICALITY SCREEMS: A-PASS, B-PASS, C-PASS
3650 3 HOTOR MODULE MODE : DEGRADED S/N 202 MAY BO
ASSEMBLY LOW TOROUE PERFORMANCE OF
ary-1 P/N QUTPUT FROM END EFFECTOR.
auueun MOTCR DRIVE. glitstez'rlgn DESCRIPTLON
54140£2203 CAUSE(S): OPERATIONS CAPTURE CLUTCH TORQUE SLIP LOM, DUE TO EXTENSIVE TESTING
(1) nicH SLOWED DOWM.
FRICTION IN MAY MOT FULLY CORRECTIVE ACTION
MOTOR MODULE RIGIDIZE. | = semmmeccsio--e-ne
BEARENGS ARM MILL STAY LIFE LINLTED 1VENS CLUTCH BRAKE
GEAR TRAIN. LINP IF NO
(2) CLUTCH RIGID FLAG. EAR S027:
SLIPPAGE. s/k 202 AuG 81
(3) BRAKE WORST CASE
LINING DRAG, | =---=------ DESCRIPTION
UNEXPECTED |  ======e==--
PAYTLOAD MOTION. RIGID LOADS TOO HIGH REFER TO FAR 5028
INCOMPLETE
RIGIDIZATION. CORRECTIVE ACTION
CREM ACTION | = ==ereesme-cmne---
REQUIRED. REFER TO FAR 5028
REDUNDANT PATHS FAR 5028:
REMATWING S/N 202 auc B
13 MANUAL EE DESCRIPTION
MODE RELEASE. | = ======-----
RIGID LOADS TOO LOW,BALL SPLENE FAILED, VIBRATION DAMAGED
2) BACKUP EE
RELEASE. CORRECTIVE ACTION
UNLT REBUILT, BALL SPLIME MODIFIED.
FAR 2415:
EE S/N 303 APR 88
DESCRIPTION
RIGIDIZE FLAG FAILED TO ACTUATE DUE TO LOW RIG LOAD. LOM RIG
LOADS DUE VO BADLY WORN RIGIDIZE GEAR TRAIN.
CORRECTIVE ACTION
MOTOR MODULE REDESIGNED TO SYRADDLE-MOUNT RIGIDIZE GEAR TRAIN.
FAR 2416:
. EE S/M 303 APR B8
! DESCRIPTION
EE RIGIDIZED TO ONLY 1168 LBS. SPEC IS 1200 LBS. LOM RIG
LOADS CAUSED BY BADLY WORN RIGIDIZE GEAR TRAIN. REF
FAR-RMS-2415.
CORRECTIVE ACTION
HOTOR MODULE REDESIGNED TO STRADDLE-MWOUNT RIGIDIZE GEAR TRAIN.
PREPARED B8Y: MEMG SUPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JuL 91 CIL REV: _3
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- CRITICAL ITEM8 LIBT

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

..... sasmsemsscessas

WHEN CAPTURING A FREE FLYING PAYLOAD THE EE MUST BE FAR
ENOUGH AWAY FROM STRCUTURE TO eroN1BET CONTACT REGARDLESS OF
PAYLOAD ROTATIONS.

THE EE MODE SWETCH SHOULD BE PLACED BACK IN THE OFF POSITION
IMMEDIATELY AFTER THE SPEC DRIVE TIME HAS ELAPSED.

OMRSD OFFLINE

VERIFY CORRECT TIME TO RIGIDIZE.

OMRSD OHLINE INSTALLATLOM

NOME - f

OMRSD OHLINE TURNAROUND

VERIFY CORRECT THAY TIME TO RIGIDIZE.

- an o= ASS'Y NOM H ASS'Y P/N: - SHEET: 10
FMEA FMEA | WNAME, aTy, & FALLURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orawlng Rér. AND oN 2/1R
DESIGHATION CAUSE END ITEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3650 3 MOTOR MODULE MODE ; DEGRADED OPERAT{ONAL EFFECTS
ASSEMBLY LOW TOROUE PERFORMANCE OF
eTy-1 P/N OUTPUT FROM END EFFECTOR.
S1$40E147S MOTOR DRIVE. ALL END €E DOES NOT OPERATE NOMENALLY WHEN COMMANDED. ARM REMAINS LIWP
oR EFFECIOR URTIL EE WODE SWITCH 1S TURNED OFF DURING AN AUTO CAPTURE
51140£2203 CAUSE(S): OPERATIONS SEQUENCE .
(1) HIGH SLOVED DOWN.
FRICTION IN MAY NOT FULLY CREW ACTION
MOTOR MCDULE | RIGIDIZE.
BEARINGS ARM WILL STAY
GEAR TRAIN. LINP [F NO FOR ANY OFF NOMINAL OPERATION OF THE EE, THE EE MODE SWITCH
{2) CLUTCH RIGID FLAG. - SHOULD BE TURNED OFF. ATTEMPY TO CAPTURE [N THE ALTERNATE
SLIPPAGE. MODE. IF THE SHARES REMAIN OPEM, MANEUVER ARM AWAY FROM
3) BRAKE: WORST CASE PATLOAD. IF THE SNARES ARE PARTIALLY CLOSED, ATTEMPT RELEASE
LINING DRAG. USING A PRIMARY EE MODE. IF SNARES OPEN, MAHEUVER THE ARM AUAY
UNEXPECTED FROM THE PAYLOAD. IF SHARES DON'T OPEN, ATTEMPT 10 RELEASE IN
PAYLOAD MOTION. BACKUP MODE. IF SNARES OPEN, MANEUVER ARN AUAY FROM THE
INCOMPLETE PAYLOAD. MANEUVER ORBITER AWAY FROM PAYLOAD. [F SKARES CANNOT
RIGIDIZATION. 8E OPENED, IN ANY MODE, EVA CAN BE USED TO RELEASE THE PAYLOAD
CREW ACTION OR THE ARN/PAYLOND COMBINATION CAM BE JETTISOMED.
REQUIRED .
CREV TRAINING
REDUNDANT PATHS |  =----
REMATRING
CREW WILL BE TRAINED TO RECOGMIZE OFF NOMINAL EE CPERATIONS
1) MANUAL EE AND TO MANEUVER THE ORBITER AWAY FROM A FREE FLYING PAYLOAD AT
MODE RELEASE. ANY TIME DURENG ARM OPERATIONS.
2) BACKUP EE :
RELEASE. MISSION CONSTRAINT

s
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